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abstract 

The present study is the first or its kind in India in 
which levels of total organic carbon ('IXlO at various stages 
of treatment in a water treatment plant were estimated. In 
the Kanpur Water Works# raw v^ater (river Ganga) TOC level showed 
seasonal variation in the range 1.38-6. 36 rng/L, the peak (5.91- 
6.36 mg/Li) being during February-J une. TOC levels in the treat- 
ment trains were significantly higher in the summer (2.74-5.45 
mg/L) compared to those in the postmonsoon period (1.95-2.51 
mg/L) of 1987. According to published information on TOC levels 
for tribal ome thane formation and water quality deterioration in 
the distribution system, both potentials existed in the Kanpur 
V^ater Works. A laboratory study on removal of total organic 
carbon from the raw water (river Ganga) by alum coagulation 
indicated that no significant improvement in TOC removal could 
be attained by modifying the present coagulation practice; 
however, increase in plant alum dose (25-35 percent) may prove 
beneficial in lowering the TOC levels of water. 


I 
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1IJTR0DUCTJ.UM 


Organic matter in surface VNraters is almost as ubiquitous 
as water itself though its levels vary depending upon the 
source of the water. Its contribution to plant grov/tli by supp- 
lying nutrients and other trace elements h-is been recocjiiised 
and encouraged. On the other hand/ presence of organic matter 
in drinking water has been vie^-jed with grov;ing concern. It is 
not that suddenly organic matter has become dangerous. Develop- 
ment of sophisticated techniques in analytical chemistry and 
their application to analyses of water have led to Isolation of 
few thousand organic compounds in natural waters. These com- 
pounds are found in the Mg/i.j level and many have resulted from 
human activities. A large number of these compounds are carci- 
nogenic/ mutagenic, or carcinogen promoters (Kraybill, 1981), 
Besides this, there are otlier serious prob.l ems v/hlch stem from 
the presence of organic matter in drinking water, Eversince 
the recognition of the presence of tribal omethanes in drinking 
water in 1974 (Bellar ^ , 1974), concern regarding their 

health effects is growing and is reflected by a vast body of 
literature pertaining to removal of trihalomethanes and their 
precursors (Arguello ^ 1979; Glaze and Rawley, 1979; 

Babcock and Singer, 1979; Oliver and Lawrence, 1979; and Norman 
et al,/ 1980). Also, organic matter leads to taste and 
odour problems, colour, increase in coagulant dose, depletion 
of chlorine and its consequences (Rosenzweig ^ 1986), 

deterioration of water quality in the distribution system 
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lO 'Connor ^ » 197b), ro(li.icl:ion in mi-or: carry iru| r'^pnoj t.y of 

pipes (Krishnoiiioorthy ^ oJ^., 1976), fouling of ion excliariye 

resins and membranes, and reduction in Lhe service time of acti- 
vated carbon beds. 

In India, studies pertaining to levels of organic matter in 
drinking water are almost non existent. Thakkar e_t (19B4), 

conducted the only study to find ti^e reaction products of chlo- 
rine with organic matter (chloroform) in few vjater treatment 
plants, including the Kanpur VJater VJork.s. At the time of their 
study, tlie chloroform levels were found to be within the j)ermi- 
ssible limit of 30 Mg/t as recommendod in the Cuide.l ines for 
Drinking-Water duality (1984), vyhile the ['roblem of water qua- 
lity deterioration and reduction in water carrying capacity were 
attributed to organic matter in water in .several prevj.ous studies 
(Gadkari and Krishnamoor tlii, J979 atnl Kr I shnamoor thy ^ sfi-/ 

1970),, no efforts were directed tcjwnrdr. ent.i iita tJ ng tlio amount 
of organic matter in water or its removal . 

The present study is the first of its kind in India in 
which levels of organic matter (organic carbon) at various 
stages of treatment in a water treatment plant v\*ere estiinated. 

The study also included laboratory evaJ nation of organic carbon 
.removal by coagulation with a view to .suggest possible modifi- 
cation, if found appropriate. 


i 

! 

1 
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2. ORGA-MIC HA'r'ri-JlJ IM VJ/v'I’ER /\ilD ITS REMOVAL 

2.1 Nature and Source oi; Ur'iiaiiic Matter in Surcace VJaters 

Organic matter in moat surface v.'aters may originate from 
tvjo sources, viz., antVvropogenic and ruatural. Anthropogenic 
source of organic inatLcr is chiefly ..i result of discharge of 
municipal and industrial v;astes, runoff from agricultural fields 
and leachates from landfills. It is th.is source which adds 
numerous toxic and highly hazardous cheitiical components to the 
water bodies. The organic matter added by man-made pollution 
has characteristics different from those occurring naturally. 

It is found that most of the naturally occurring hydrocarbons 
in water contain odd number of carbon atoms, while hydrocarbons 
added by man contain even number of carbon atoms (Matsumota and 
Hanya, 198i). A large fraction of the anthropogenic organic 
matter disappears as a result of biodegradation, but still a 
significant fraction may persist. The proportions of organic 
matter contributed by the two sources vary, but will depend upon 
the extent of contribution. In certain rivers, the organic con- 
tent continues to increase along its course, mainly due to pollu- 
tion, indicating organic matter contributed by pollution being 
far greater than that from natural sources. 

The naturally occurring organic matter in water consists 
of a mixture of plant and animal products in various stages of 
decomposition, of substances synthesized biologically and/or 
chemically from the breakdov;n products, and of microorganisms 
and small animals and their decomposing remains. Most of the 
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natural organic matter in v'l ter han its oi'igin in the soil which 
is picked up by the overflov.’ing or jierco)nting v;ater. 

The bulk of the organic matter in most vjaters consists of 
humic substances. These are aiiiorplious brown or black, hyhro- 
philic, acidic, pol vd.isperse substances of molecular weight 
ranging from several hundro-.ls to tens of thousands. The humic 
fraction is further subdiviiled into humic acid, fulvic acid and 
hyinatomelanic acid depending upon their solubility nn.,ler differ- 
ent pH conditions. rioirie of the iifiportaiu. characteristics of 
hutnic substances are resistance to microl-i il degrad.j tion, abil ity 
to form stable vra ter- soluble and '.;atei:-inr:olubJ o salts and com- 
plexes, and to interact with metaJ. ions, Ipydrous oxides, clay 
minerals and organic chemicals which mty he toxic pollutants. 

A smaller fraction of organic matt'-'r consi.’.ts of iion-humic 
substances which includes compound;-, t'h ' t '-.vhjpit ; 3 i;i.li recogni- 
zable chemical characteristics. 'those compounds, in general, 
have relatively sliort svirvival rates a.nd nre easily att.jicks'l 
by microorganisms. Carbohydrates, p)rc>te.iii3, peptides, ainJ.uo 
acids, fats, waxes, resins, f>igment.s aruJ otl>er low molecular- 
weight organic substances constitute the uon-humic fraction of 
the organic matter. 

2,2 Health Effects 

Organic matter may not be harmful by itself but its asso- 
ciation with toxic chemicals, heavy metals and the reaction 
byproducts are the most jieared health hazards. Humic substances, 
due to their excellent complexinu ability, can transport Vieavy 
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metals in significant amounts. Under favourable conditions, 
they may complex heavy metals in almost e'.[ual quantity by weight 
as the humic material itself (ochnitzer and Skinner, 196 3). 
Organic matter is associated with a number of toxic organic and 
inorganic compounds in soil many of w'nich may finally find their 
way into drinking water (Morril ^ al., 1982). large number 
of organic chemicals found in v;ater are known to be toxic or 
carcinogenic and are harmful even at low levels at which they 
are present in water. Bacterial cultures in such water concent- 
rates (obtained by reverse osmosis) were found to show mutagenic 
activity (Kraybill, 1981), Organic matter is also the limiting 
source of organic carbon for a vast number of microorganisms 
found in the water distribution system, O'Connor ^ (1975) 

recommend water COD of 10 mg/L or less to overcome the problem 
of biological growth in the distribution system. Reaction pro- 
ducts of organic matter, particularly tVie trihalomethanes, are 
suspected of causing bladder cancer (Kraybill, 198 1). Recognizing 
the organic matter as a j^recursor of trihalomethane formation, 
many workers have suggested that the total organic carbon (TOC) 
content of water be brought down to a level of i ing/L or less 
to restrict trihalomethane formation to 100 pg/L. Organic 
matter also causes depletion of chlorine and is thereby respon- 
sible for lowering the residual protection or water supxjlies. 

2.3 Levels of Organic Matter in Surface Waters 

Levels of organic matter present in. most natural waters 
vary and depend upon the nature of surface and subsurface soil 
layers. Humic materials are leached from decaying plant mater- 
ials or humus on the land surface and transported by surface and 
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subsurface v/aters in soluble or col] oidaJ 1 y dispersed form. 
Natural organic matter shovjs marked seasonal variations. The 
second source or organic matter is or more recent origin and is 
attributed to man-made piollution. Discharge of vast quantities 
of wastes into surface waters has led to an increase in the 
organic matter level of truiny receiving waters. The river Rhine 
is an example of such pollution. In the upper tributaries, TOC 
level was found to be 1, 3 mg/L and as the river passes through 
Switzerland, France and (Jermany, this level increased to 8 mg/L 
at Cologne and finally reached 10-12 mg/L at Rotterdam, Typical 
organic carbon levels in some natural waters are shown in 
Table 1. 

2.4 Organic Matter- Clay Interactions in water 

Organic matter in most natural waters is generally present 
along with a number of substances like clay and other inorganic 
materials. While studying the removal of organic matter from 
water, it is important to consider its interaction with clay. 
Dispersed clay minerals in natural waters adsorb organic subs- 
tances, The extent of adsorption depends upon the type of clay, 
cationic form of the clay and the solution pH. The complexity 
of organic matter in water poses difficulty in explaining the 
mechanisms by which they interact v;ith clay. Some of the mech- 
anisms responsible for organic matter- cl ay interactions are 
listed below. 

a. Anion.- Exchange Reactions, Reversible adsorption of 

i 

organic matter occurs by the formation of polyhydroxy complexes 
with iron and aluminium at the clay surfaces. At pH less than 8, 





Table 1, Organic Carlson lie vela In iiacnraj. VJaters*. 


Location I’oi. 

. d Or-i'iidc fJari'on (mu/L) 

d • 5 . A . 


Von Norman Reservoir, Los Angeles 

Dept, of Water and Pov^jer 

1. 2 

oan Andreas Reservoir, San Francisco 
Water Dept. 

1.3 

Colorado River Aqueduct, San Uicgo 
Water and Utility Dept. 

2,9 

Contra Costa Canal, Contra Costa 
Country Water Dept. 

3.5 

Mississippi River, St. Paul, Minn. 

7.9 

James River, Huron, S.D. 

19. 2 

Europe 


Lake Zurich 

1. 2 

Lake Constance 

1.3 

Rhine River, Basel 

3.0 

Neckar River, Stuttgart 

6.0 

Rhine River, Cologne 

8.0 

Rhine River, Rotterdam 

10 - 12 


Adapted from Kavanaugh (1^78), 
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positive sites iionnaily exist on alutninii.ini and ii'on hydroxides 
a[\d the organic anions can associated v.ith rhesc charyes by 
couloinbic attraction. The organic anion can be displaced by 
raising the pH to 8 or 9, '.■:heti the posic.ive chacge oi: hydroxide 
is neutralized, 

b. Ligand- Exchange Reactions. tgr.i.'iriic anion penetrates 
the coordination shell ot an iron or aluminium atom in the sur- 
face of the hydroxide and becomes incorporated into tlie hydroxy 
layer. This reaction is sometimes irreversible (Jclinitzer and 
Khan, 1972) . 

c. Hydrogen Bonding. This is an important bonding pro- 
cess, particularly in large molecules or polymers where additive 
bonds of this type may produce a relatively stable complex. 

Besides the above mentioned mechanisms, adsorption of orga- 
nic matter may occur in the interlamel.1 nr sjjaces of the clay 
particles. At any time, one or more niechanisms may be respon- 
sible for organic matter-clay interactions. 

2.5 Organic Matter- Metal Coagulant Intex action in VJater 

The literature information on organic matter-metal coagu- 
lant interaction in water is mainly restricted to interactions 
between humic substances in water and metal coagulants. The 
information originated primarily from studies employing humic 
substances (humic and fulvic acid) extracted from soil, peat, 
decaying vegetation and river water. Reviewing the past work 
of well-known researchers in the area, coagulation of humic 
substances by metal coagulants has been summarized as follows 
(Committee Report, 1979) . 
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Goagulanion of hutnic subscaiicea v;ith rnetal coa-.fuLants can 
be accoinplislied through tv,o '-’. '.i., dea uol >1.1. iv..! ti on- 

charge neutralization or pr'-'clj^i tation. both may crtntribute to 
coagulation simui tanejousi y . Coiinidorin' j aiutn as tlie coa<^ul..lIlt 
for the purposes of dincussJon, d'?:; tnb.i 1. ization rii.^y bo accompli- 
shed by charge neutral i-zation renuitinc) from specific chemical 
interaction between the positively charged aluminium species and 
the negatively charged qroup:-3 on the humic colloids. The fix-i- 
tion of multivalent cations onto ionized groups on hydrophilic 
colloids may be caused by el'^'ctrostatlc or chemical Interaction, 
reducing the charge of the particles and altering tiieir solu- 
bility, Destabilization by this mechanism vrould be accomplished 
over a narrow pH range (pH 4-6), and a stoichiometric relation- 
ship between the raw water humic concentration and the optimum 
coagulant dose would be observed. In the second mechanism, 
humic substances can form v;a ter- soluble and water- insoluble 
complexes with metal ions. As the alum dosage is increased, 
formation of metal hydroxide precipitate occurs during which 
incorporation of humic material v/ithin the aluminium hydroxide 
floe or coprecipitation as aluminium huinate may occur. 

Dissolved organic compounds are removed during coagulation 
primarily by sorption onto metal hydroxide floe based upon 
several mechanisms of adsorption, such as physical sorption, 
ion exchange and surface complexation (Jekel, 1986). 

2.6 Removal of Organic Matter During VJnter Treatment 

Conventional vjater treatirinrit plants employing, coagulation, 
sedimentation, filtration and di.sinfectlon are considered to 
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provide curbidiry and pachogen free drinking water. The coagu- 
lation step, along v/ith removal of turbidity is partially succ- 
essful in removing organic matter, A study by Steven and Symons 
(1977) indicated that maximum removal occurred after coagulation 
and settling, and also significant amount of organic matter 
removal was observed in the filters. V.'idc range of organic 
matter removal has been observed in conventional water treatment 
plants. Lange and Kawczynski (1978) observed 60 percent reduc- 
tion in TUG during treatment of water obtained from the Sacre- 
mento-San Joaquin delta. Removals in the range 20-40 percent 
were observed in treated v;aters from the Rhine and Alpine lakes, 
(Kavanaugh, 1978) . The Colorado river water from lake Mathews 
did not show any removal of organic matter after treatment (Cohen 
^ , 1978) . 

In laboratory studies on alum coagulation, Chadik and Amy 
(1983) observed 31-59 perconc romovaJ of TdC from several luitural 
waters at ambient pH conditions v\;ith alum dose in the range 2.5- 
30 mg Ai/L. dernmens and field (1980) roj'orted 36-53 percent TOC 
removal in laboratory coagulation of Mississippi river water 
using alum dosage in the range 2.5-100 mg/L at pH 5,0, followed 
by filtration through V/hatinan Mo. 1 filter paper. 

In order to achieve a minimum acceptable level of organic 
matter in the treated V'jator, activated carbon adsorption is 
usually incorporated in tlie treatment tt. ain. In view of high 
cost of activated carbon, the developing countries, however, 
have to rely upon the removal of organic matter by the conven- 
tional treatment units. 
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3. SCOPE OF THE STUUV 

Presence of organic matter and their reaction products 
with chlorine ( trihalome thanes) in drinking water have been a 
growing concern for environmental engineers because of their 
possible adverse health effects. Many plant-scale and labora- 
tory studies pertaining to trihalomethane formation and removal 
of trihalome thanes as well as their precursors have been repor- 
ted in the literature from the developed countries. Levels of 
organic matter in natural waters and in water treatment plants 
have also been reported. In the Indian scene, such information 
is not available. Only one study on levels of chloroform in 
few water treatment plants in India has been reported (Thakkar 
et al . , 1984). It appears appropriate to conduct studies on the 

levels of organic matter (organic carbon) in Indian water treat- 
ment plants. The present study was undertaken in two pliases: 

1. Estimation of organic carbon levels in the treatment 
trains at the Kanpur Water Vtorks. 

2. Laboratory coagulation study on removal of organic 
carbon from the Kanpur Water Works raw water with a 
view to suggest possible modification, if found 
appropriate. 
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4. ORGAllIC CARBON I., !'J VBL-C .Ul H IE lOvNI-'UF. VJ.Vi'ER. V.'OP.K.,:) 

4.1 Kanpur VJater '/Jorks 

The Kan[)ur W-iter V/ork:-’., located ak Rr-tin J haba r , I'.anpur, 
supplies approximately 255 nird (million likren jier day) drinl^lng 
water to a pofjulation of al'ont 2 uiiUjon. .! t uraco iLr, sm] i| i,1 i c:3 
from two main sources, v.i , the river 'Bin'ii anc.l tlio Bower '.'anqa 
Canal. By aiifl large, tl>e river Canga rem'ina tlic main scjurc’e 
which supplies about 200 llbd. The bower ':an-]a '.'ana] augments 
the raw water supfjly by contributing al.'out 45 l-lbd. Rest of tlie 
demand is met by tapping the ground w.ater. 

The Kanpur VJater Works ‘■'inploys the c-uiventlonal metiiod of 
water treatment, e.g., sedimentation, coa gulation-r.edimentat.i on/ 
clari flocculation, slow/ rapid sand filtration and chlorination 
(Figure i) . Alum dosing is done by plac-i nq alum bricks in sub- 
merged cribs with hydraulic jumps for fiasli mixing, 

4.2 Sampling 

All glassware used for collecting samples for estimation 
of organic carbon vjere cleaned using chromic acid followed by 
several washings with tap water and final rinsing with triple 
distilled water. The rubber lined screw caps or 60 mL sampling 
tubes were washed with distilled water followed by rinsing with 
triple distilled water. 

The sampling points are shown in Figure 1. The locations 
were so chosen as to assess the levels of 'I’OC in the treatment 
trains. Accordingly, 15 sampling points i-’cre selected. At 
each point, sampling bottle and somijling tubes were rinsed 
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Distribution 


CF : Cloriflocculator j CWR ; Clear Water Reservior s TT : Treatment Train 
0 Sampling Point; Bypass (October, 1907) 

Fig. 1. Schematic Layout of the Kanpur Water Works 
Showing the Sampling Points. 
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thrice v;i th the .o^smple v.''Jl'.^r beioro cnlli'ctlnq !-'a[ni-iIerj in tripli- 
cate. oaitifilcc v.'oro aci'.li i: 1 ml ([.il < 7) irnri') tiyilL'-r.'xjh.l ori c -icid 
and re £rigerate<l (Stan<.}ard tietliodn, L'’85) . .laiiiDles ware not 
iced while trcins[)or tin- j io t!>e [JiivlronnK-utal tiuiineeriiiri Lsibo- 
ratory# Kanpur. On arrival., Ihn n ample;-; v.'ere immediately 

refrigerated. damjilen v.'ore co.lJ.ected i.n ruiiinior (June) aril in 
the postmonsoon period (October) during '>:30-ll:30 A.M. 

A separate sampl.inq ('roqrnmme f^jiiowed to monitor 

variation in organic carlion level <li.ii:ing tlie day (it: 30 /'..H. to 
8:30 P.M.) at five selecte-l sampling [Kiints, vis., river Oanga 
suirip (® 5), slow sand f liter efClneni; (ci n), cv.'l>3 (f5 IS), rapiid 
sand filter effluent (M 3) , and CWPi (t-1 A) . in this programme, 
the nuinlDer of sampling jioirits was reduced to facilitate collec- 
tion as well as analysis of the sniuj.d. c-:s. 

4.3 Analysis of Samples 

Samples were analysed for total organic carl'on (TOC) using 
an organic carbon analyser (Photochem Organic Carbon Analyzer, 
Saybron Corporation, Boston, Massachusetts, U.S.A.). The 
analyzer functions on the principle of meosuring change in 
resistivity produced by carbon dioxide evolved from organic 
carbon by ultraviolet oxidation. Due to occasional lack of 
reproducibility, each sample was analysed thrice. Unless men- 
tioned othervjise, the mean of three aneilyses is reported as 
TOC (mg/L) . 

4.4 Organic Carbon Lievels 

Table 2 shows the TUC levels at various samjgling points 
in the summer (June) and in the fiostmonsoon period (October) of 
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1987. In general, raw water TOC levels were higher in the summer 
(Lower Ganga Canal 2.97 mg/L; River Ganga 3.79-6,36 mg/L) than in 
the postmonsoon period (Lower Ganga Canal 1,78 mg/L; River Ganga 
2.56-2.75 mg/L). Consequently, the TOC levels were correspon- 
dingly higher in the treatment trains in the summer (2,74-5.45 
mg/L) than in the postmonsoon period (1.33-2.73 mg/l) . 

Even though the sampling schedule employed does not allow a 
quantitative evaluation of TOG removal by different units, levels 
of TOC at various stages in the three treatment trains are shown 
in Figures 2 and 3 so as to provide a qualitative picture on the 
TOC levels in the treatment trains. Sedimentation tank and clari- 
flocculator (CFl) were closed down for desludging in October, 

1987. Rapid sand filter (old and new) were operated in direct 
filtration mode with the Lower Ganga Canal water. In general, 
the TOC levels at the various stages of the treatment train did 
not show significant variation in the postmonsoon period whereas 
considerable variations were noticeable in the summer. 

Figure 4 shows variation in TX)C levels at five selected 
sampling points during 8:30 A.M,-8,30 P.M. (22 November, 1987). 

The extent of variation was different for all five points; raw 
water (River Ganga) showed major variation, the minimum and 
maximum being 1,58 and 3,74 mg/L, respectively. Between 8:30 A.M. 
and 3:30 P.M., the raw water TOC level declined almost steadily 
from 3.15 mg/L to 1.58 mg/L. This was followed by a steady 
increase in TOC level with a peak at about 6:30 P.M. and steady 
decline thereafter till 8:30 P.M. (1,74 mg/L) . The T\9C levels , 
in slow sand filter effluent were in the range 1*5-2.91 mg/L, 
while rapid sand filter effluent TGC levels showed , a narrow 
range (1.24-1.89 mg/L) . High TOC levels in the reservoirs 




Fig. 2. Organic Carbon Levels at Various Stages of 
Three Treatment Trains (June, 1987). 





TOC (mg/L) TOC (mg/L) TOC (mg/L) 



Fig. 3. Organic Carbon Levels at Various Stages of 
Three Treatment Trains (October, 1987). 



TOC (mg/L) TOC (mg/L) TOC (mg/L) 
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TimG 

Fig. 4. Organic Carbon Levels at Five Selected 

Sampling Points at the Kanpur Water Works 
(22 November , 1987). 
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(CWR4 i. 52-2. 33 mci/L; CViR3 .l.GJ-2.'13 niq/Li) could bo dvie to 
reservoirs receiviiii:) v/crtex rroiu many c) i.-.i i o j; filters ntid/or due 
to interconnections betv,'f3en the rciservoirs. 

Organic matter in troetefl v.-ater in-iy tjo restricted vd. tti a. 
view to prevent formation of trlha.lometlrinos ('J'NM) or deterio- 
ration of water riuality in the (i.i stril.'ii hi(,in system. A nvKiit'or 
of researchers has found correlation be; tween THM formation 
potential and the TUC levcJ of v.'ator (Kavanaugh, 1970; Oliver 
and Lavjrence, 1979; and Chndiic and Amy, 1983) . According to 
Kavanaugh ( 1978) , 1 mg/t 'It'C c>r less 1^. required to meet the 

U.S.E.P.A. standard of iOO I'n/b 'I'llM in iirinlcing vntor. tor 
preventing deterioration of vjatoi: gnailty in the distribution 
system, the v/ater COD shoul'l Vie less ilian iO mg/l.i (O'Connor 
et al . , 1975), which corresponds to a 'lu<J level of 3,75 lua/f-i. 

From these considerations, it aig'enrs tliar adegu-ite potential 
exists for formation of TilM at the Kanpiir Water VJorks, while 
deterioration of water ejnaJity in the distribution system may 
occur during certain parts of the year. Ravj water TOC levels 
(River Ganga Stunp) during the period of tliis study are shown 
in Table 3. This may give an idea of the TOC levels of the 
treated water. 

4,5 Summary 

Based on the limited data on organic carbon levels in the 
Kanpur Water Works collected during the present study, some 
general observations are summarised.. Ravi vjater (river Ganga) 
TOC levels showed seasonal variation in the range 1.38-6.36 



Table- 3 


2 1 


Orn^nic Garboti liov'"'! r; oi: I'.'i'.; ’.I'lboir (Rlvor Mnii'ia 
lJurj.ne.f tlir.' .'itn-// Porlcj-J. 


Month Total (Organic Carbon (inq/i,) 


June 

3.79 - 

6 , 3b 

J ul y 

i.85 - 

3,3 2 

August 

i. 38 - 

3. 31 

September 

i.95 - 

2. 59 

October 

2,55 “ 

2.73 

November 

1.58 - 

4. 18 

December 

3. 10 ~ 

3.62 

J anuary 

3. 17 -- 

3. 29 

February 

4.54 ' 

5.91 
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mg/L, the peak (5 91-6.36 iiin/l.,) bi.iiig (li)r.ing Febi:u.,ir'/-J uiie , TOC 
levels in the treatment trains wore signi rican tj y hi'.jher in 
summer (June) compared to those in the postmonsoon period (Octo- 
ber) . According to information availaV->le in the literature, 
potential for THtd formation exists in the Kanpur VJater VJorks and 
deterioration of water quality in the distribution svstoTri may 
occur during certain ]-)arts of rhe ycai" ( February-J une) , 



23 


5. COAGULATION GTUUlLo ON ORGAN LC GARbOll REMOVAL 

The coaguiation-sediinetitacion sUep/ follov;ed by filtration, 
plays the most siqnificont role in redtio-i np orqariic carbon 
levels during water treatment (Stevens and Symons, 1977). This 
is also borne out by data on TOC levels in the treatment trains 
at the Kanpur VJater VJorJcs (Chapter 4), laboratory study on 
removal of organic carlton r.rom the Kanpur Water Worlds rav; v.’iter 
by alum coagulation was uiuh’r taken with a view to suggest tioss- 
ible modification in the conrm.l n rion step, if found aporor.'riate, 
5,1 Materials 

Raw water samples were collected from a location about 
20 m upstream of sampling point 7 in tlie river 'Janqn warer 
channel (Figure 1) and flltored tiircnigh four layers of cheese 
cloth before use in coagulation ergieri men i.s. All glassware used 
were cleaned using chromic ..-icid follov;od oy several washing.s 
with tap water and final rinsitva v/ith tr.inle distilled water. 
Alum used was filter alum obtained from tiie Katifiur Water Works. 
The sample of filter alum was found to contain 6,d percent 
aluminium by weight. 

Haematite, used as coagulant aid, v;as supplied by oandur 
Manganese and Iron Ore Limited, Sandur, Karnataka. A 2 g/L 
suspension made with a pulverised fraction passing 53 pm sieve 
was used in coagulation exT-ieriments. A supernatant of a 30 rain 
settled suspension of the liower t-’amja Canal sediment in the 
river Ganga water wan usod t-o vary the tuibidity levels in 

i 

coagulation experiments. 
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5. 2 Coaqul.-ition K:cperiMient:!j 

Uatch coaqulation e>U'f;rime!ics (jar tests) v.-ere conducted 
using a six-place multiple stirrer (Ptii]>s and Bird Inc., Rich- 
mond/ Virginia/ U.S.av.) . :jtirrer patPJj r>;-, v.'cre cleaned with 
carbon tetrachloride to minimize possitaJ e contaminarion. A set 
fjrocedure was tollov.'ed ii\ raising or lav.'ei'iiiq the stirrer s^inrts 
during an experiment. A background study indicated tliat the 
procedure provided freedom from organic matter contamination. 

In the jar test procedure, 750 mh raw water samples v/ere rapid 
mixed at the rate of 100 rfiin for 1 min following alum dosing 
slow mixed ah the rate of 30 rnm for 20 min foilo\jed by 30 min 
settling, tJupernatant samples for ’ll'..: aii.iLysis and pH and tur- 
bidity measurements were collected frtMn the rnid-deptli. oamples 
for 'J’UC anaiy-sis were acidifod (pH < V.) aiid re fri '.lorn ted. Hy<,iro- 
chloric acid or sodium hyi‘lro>d.do vjas used for adjustment of 
initial pH in the range 5-'"*, when re^gui rr'inent. Haemtitite, used 
as a coagulant aid, was added 1 min prior to alum dosinq during 
rapid mix. 

In two-stage coagulation experiments, supernatant from the 
first stage coagulation wildi minimum residual TOC was coagu- 
lated with increasing alum do-sages so th j u tlie first stage dose 
corresponding to ininiirium residual 'i'OC and the second stane 
dosages added up to the cor rospoinlinq j ncueaslng first stage 
dosages. 

All TQC analyses were performed In t.j;.i.plicat:e using an 
organic carbon analyzer (Thotochom ('r-nni.c C,xroon Arnalyzer, 
Saybron Corporation, Boston, Ha.ssachnsot'.ts, IJ.B.A.) and the mean 





ol: three anal y sen are reporte-J ns 'LUf.; (ni'i/h) 
inents were made using a tn rJ ,>ir Ij m tor liii'vlol 
Company, I.ovelaiid, Coior:tdM, aid t'he 

tctil in hef.'lielomrjtx i c '-I'urhit li ty Unit U!iu). 
5.3 Results and OiscAission 


. 'I'nrijid.i ty measure- 
2.10()/\, Hacli Chemical 

VO.I U'.is ir»5 j.i.'^'seii- 


5.3.1 direct of Alum I'o.rjr, ;ind inii inj )-.ll 

Since botli talum dose rand pU play an important ro].e 
in removing organic ntatter from v.'ater, tv.o sets of jar tests 
(July and September, 19B 7) v.'ore conduolf^ l with .alum dosages 20 , 

30, 40, 50 and 60 mg/h .and at initiral |d values 5.0, 6.0, 7.0, 

8,4 (unadjusted raw water pil) and 9.0. it may be noted that 
during vJ uly- September tlie alum dose employed at the Ranpur VJater 
Works was in the vicinity of 30 mg/l.. 'I'lie jar test data presented 
in Figures 5 and 6 shov^ that an alum dose of 40 mg/L. produced the 
lowest residual TOC (July 1.74 mg/L; September 1.52 n»g/L) at 
unadjusted raw water ph .and higher alum dosages did not hove any 
beneficial effect. In general, higher TOC removals v;ere observed 
at pH values below the unadjusted rav; vjater pH and increasing 
the pH was less effective in reducing ToG levels. 

In order to obtain ‘lOG levels comparable to that at lower 
pH values, higher alum dose (40 mg/L against 30 mg/L) was nece- 
ssary at unadjusted raw water pH. Simil.ar results were observed 
by Edzwald (1978) who found that much higher dosages were needed 
for removal of organics at pH values higher than 6. Based on 
these observations and considering the cost of pH adjustment, 
increase in the plant alvuo dose v/ould be beneficia], in terms of 
res i dual TOC 1 evel . 


Residual TOC {mg/L) Turbidity Removed (percent) Final pH 



Alum Dose (mg/L) 


Fig. 5. Residual TOC and Turbidity Removal by 
Alum Coagulation at Various Initial pH 
Values {July, 1987). 


Residual TOC (mg/L) Turbidity Removed (percent) Final pH 



Alum Dose (mg/L) 


Fig. 6. Residual TOC and Turbidity Removal by 
Alum Coagulation at Various Initial pH 
Values (September , 1907). 
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5.3.2 HaoKin l:.i .tm ni> a Coauu). niit /Vjd 

'Jai: to.Mtn wava oonducited l-o . 1 ; ; .'i e r > .‘t Uh' Cen.^il.dl.iLy 
of using haeuintiLe ns a co uiulnnt aid, Jn conj unct-ioti with nluin 
in reducing rosiijunl 'I'dc IrM/nt . It war. t.hou-.iht ttint orgnnic 
matter in water would sor b mi to Ijopiin t.i 1 :^- parti cJ os and tiiis 
would aid -in its removal by almii eo.i- pi ] 1 1- i on; arldi tinnal 1 ■/, 
liaeiTiatite particl es V'j'.iul d I'rovido nun I o d' i on si tes for £1 oc 
growth. Uuring the tost period (llovembet. , i'^U7) tlie plant alum 

dose was 15 im.)/!- and thi s wis r'lnpioved '.-'i. th vrirviiu.i li. 'eunrite 
dosages (O-uO mg/li) as coaquj int aid. llov.'ovor, residual 'IdC 
values following alum co< igu latlon with haematite as coagulant 
aid (Figure 7) showed only luargJna.l Imi rovemerit in IDC levels. 
Haematite did not appear to be a jiromising coagulant aid. 

5.3.3 tffeict of initial Turbidity 

Jar tests conducted with liiqh turbidity (lOO-ldO 
NTU) water saitiples (J uly-denteinber) showed rapid fioc formation 
with good settling characte^ristics, whereas tests with low tur- 
bidity (7.5 NTU) water samjxles (December- January) showed delayed 
floe formation with poor settling characteristics. In general, 
TOC removals were also relatively poor with low turbidity waters 
when plant alum dosages were employed in jar tests. In order to 
assess possible beneficial effect of increasing the initial 
turbidity of low turbidity raw water. Jar tests w'ere conducted 
with increased initial turbidity (25, 50 and 100 NTU) using the 

liower Uanga Canal sediments. it was thought that organic matter- 
clay interaction and additional nucleation sites for floe giowth 
would enhance TOC removal. According to the data presented in 


Residual 

TOC (mg/L) Residual Turbidity (NTU) Final pH 


e.o<^ 

7.5 - 
Up 
12 - 
10 - 

8 - 
6(j=- 

4 - 
2 - 
0 — 

3.5 - 
3.0 — 


Initial Turbidity 15 NTU 
Inititial pH 8.2 


Alum Dose 15mg/L 


Initial TOC 4,02 mg/L 


Haematite Dose (mg/L) 


Fig, 7. Residual TOC and Turbidity Following 
Alum Coagulation with Haematite as 
Coagulant Aid . 
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Figure 8, only marginal improvement in residual TOG level v.'us 
observed in some tests- 

5.3.4 Two-Stage Goeiqulation 

Two- stage coagulation experiments were conducted to 
assess whether organic matter removal could be improved by 
altering the way in wliich tiie alum v/as added. Sorption of dis- 
solved organic matter on to metal hydroxide floe or incorpora- 
tion of humic material (w<a ter- soluble or water-in solubl e humic- 
metal complexes) within the metal hydroxide fioc as mechanisms 
of organic matter reidoval by coagulation suggested that coagula- 
tion would be more effective for organic matter removal if the 
alum were applied in a two-stage f^rocess. in this way higher 
organic lociding may be achieved on alum added to the first stage. 
In single stage coagulation organic ioai.l.Lng on alum is alv/ays 
low since it is in equilibrium with lov' effluent IDC. 

To provide a background for two-staue coagulation experi- 
ments/ jar tests were conducted in December, 1987 with three raw 
water samples. The plant alum dose during this period was .12-13 
mg/L, Based on the data presented in Figure 9, a 15 mg/B alum 
dose was selected for the two- stage coagulation expG.riments. 

From the data of three jar tests on single-stage and two- stage 
coagulation (Figure iO) , it is apparent that marginal improve- 
ment in residual TOC level may be attained by two- stage coagul- 
ation. Semmens and Field(l980) in their .study on single-stage 
and two-stage coagulation did not observe any beneficial effect 
of two- stage coagulation on '.IOC removal. It is to be noted 
that they adjusted the pH to 5.0 following rapid mix and hence, 



Residual TOC (mg/L) Turbidity Removed (percent) Final pH 


D@(D® 


Ihitial Turbidity 



(NTU) 

0 

A 

7.5 

0 

□ 

100 

0 

o 

50 


A 

25 

Initial pH 8.1 


15 _ Initial TOC 3.27 mg/L - 

nl I ^ 1 ^ 1 

0 5 10 15 20 25 30 

Alum Dose (mg/L) 

Fig. 8. Effect of Increased Initial Turbidity on 
Residual TOC and Turbidity Removal by 
Alum Coagulation. ''FNTRAi, :jBf 

/ 1. I. 
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Fig. 9. Residual TOC and Turbidity Removal by Alum 
Coagulation for December ,1^1987 Water Samples. 





Fig. 10. Residual TOC and Turbidity Following Single and Two 
Stage Alum Coagulation (February, 1988). 
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at least tor removal oi: humic oui^ctancos, a dltcercnt mechanism 
vias effective viz., destabil i?.ation-clir.\cqe neutralization. 

5.4 Summary 

Based on the laboratory coartuiatloii studies on removal of 
organic carbon from water, some general observations may be sum- 
marized. i'lo significant improvement in 'J'UC removal may be atta- 
ined by modifying the present alum coagulation practice in the 
Kanpur Water Vv'orks, however, increase in the plant alum dose 
(25-35 percent) may ))rove Ijnneficial iji lowering the TOC level 
of the water. Only marginal improvement in TOC level may be 
attained by increasing initial raw water turbidity. Further, 
two- stage aiuiti coagulation may also provide marginal improvement 
in residual TOC level. 
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6 . ( I EM E R M.. ' 3 UM['l AR Y 

Organic carixon .levei^ in the tren imr-n t trains at the Kanpur 
Water Works were ostiiiv.il:od .in tlie siimm^r (Wnri'') and iti the post- 
rnonsoon period (October) oi: .L'Jd7. R.aw v.'xter (river Oanoa) ora- 
anic carbon level, r, wore ont.i mated dur.i n'i the entire study period 
(June, i9a7-l‘’ebrvaary, L98H) . Raw water total organic carl .on 
(TOC) level, showed seasonal variat.1on in tine range 1.38-6.36 
mg/L, tine {)oak (5.91-G.3G mg/h) l.iolng (.Inrjncj February- June. TOC 
levels in the treatment tr.nins w(.M.e s i ini, iicantly higher in 
snimmer (?.74-b.4':) mg/b) compared to tho.se iti the postmonsoon 
period (i. 45-2.. 51 mg/b). sccorfi.lii'.i t't tlui put) .1.1. shed information 
on Too ievd'ls ror tribal ome thane io.riiia tinn and v;ater quality 
deterioration in the distr-ibution sy.st(>m. l.)uth poteiicials exist 
in the Kunpur Water Vtork-s/ however, water (p.iaiity deterioration 
may occur only during certain parts of the year (February-June) , 

A laborato.ry study on removal of organic carbon from the 
Kanpur Water Works raw W'ite.r (river Ganga) by nlum coagu.l ation 
was conducted to assess the ejb'iccts of iniclral pli, alum do.se 
and initial turbidity on Toc removal. Potential of using haema- 
tite as a coagulant aid in conjunction with alum as well as 
possible benefic-ial effect of two- stage alum coagulation were 
also investigated. The results of the study indicated that no 
significant improvemenr cou.Ld be obtoined by modifying the 
preseiit coagulat.i.on pr.actice in the Kanf)ur VJater Works. Hovj- 
ever, i 1 iGrG 2 a.se in the pianr. alum do:jG 2 (?5—35 percent) may prove 
beneficial in lowering the TOO leivels ctr. v.'ater. 
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7 . SUGGESTIOHS FOR FUTURE VK)PX 

Based on the observations and shortcomings of tlie present 
study, the follo\,fing suggestions for future vorl: may be made. 

1. VJeekly monitoring of organic carbon levels in the 
treatment trains for a period of one year. 

2. Diurnal variation of organic carbon levels in the raw 
water and the treated vjater as v;ell as at various sampling 
points in one treatment train so as to assess treatment effi- 
ciency in terms of organic carbon removal, 

3. Correlation between tri’nalorne thane formation poten- 
tial (THMFP) and IOC levels of water. 

In case of high'lHMFP, efforts should be made to streamline 
plant operation so as to reduce contribution of organic carbon. 
Also, other modifications of the coagulation process, e.g. , 
powdered coal or activated carbon additive should be evaluated. 
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